A number of attempts have been made recently to study cell surface changes which occur during the cell cycle of tissue culture cells . A number of laboratories have reported that the expression of a variety of cell surface markers (e .g ., lectin receptor sites and antigens) change during the cell cycle (1) (2) (3) . This laboratory has previously demonstrated that normal mouse embryo fibroblasts bind more fluorescent wheat germ agglutinin during mitosis than during any other part of the cell cycle (1) . Recently Shoham and Sachs have demonstrated an increase in fluorescent concanavalin A binding at mitosis (4) . Cikes and Friberg (5) have demonstrated that a cell surfacelocalized transplantation antigen is expressed more in S than at any other time in the cell cycle . We have recently demonstrated that the levels of cyclic adenosine monophosphate are lower in mouse embryo fibroblasts during mitosis than at any other time in the cell cycle (6) . All of this work suggests that cyclic changes in the expression of a number of cellular processes may be important in the maintenance of a normal cell cycle .
We have recently developed a [3 H]concanavalin A binding assay which demonstrates small but reproducible differences in binding between normal and transformed cells (7) . This binding assay has been used to demonstrate an approximately threefold increase in [3H]concanavalin A binding to mouse embryo fibroblasts at mitosis (7) . In this paper we extend the study of concanavalin A binding at mitosis to study the various cellular processes required for the increased binding observed at mitosis .
MATERIALS AND METHODS

Sources
Concanavalin A was prepared front jack beau (Signa Chemical Co ., St. Louis, Mo .) according to the procedures of Agrawal and Goldstein (8) (7) . Briefly, the 3T3 cells are grown to the desired density in Dulbecco modified Eagle's medium (10) supplemented with 10% calf serum and 1 % penicillin-streptomycin on Falcon plastic tissue culture dishes (35 mm) . The cells are incubated at 0°C for 5 min, washed twice with 1 .0 ml ice-cold phosphate buffered 0 .154 M NaCl (PBS), pH 7 .2, and then incubated for 5 min with 50 µg [ 3 H]concanavalin A (specific activity 2 X 10 7 cpm per mg protein) per ml PBS at 0°C . After the incubation the cells are washed five times with 1 .0 ml ice-cold 0.154 M NaCl, precipitated in cold 10% TCA, and counted in Aquasol .
It should be noted that care must be taken not to wash the mitotic cells off the plate . In our experiments only 2% of the mitotic cells were lost during the gentle washings .
Treatment of a random cell population with calcium-magnesium-free phosphate-buffered saline with 0.02% EDTA so as to cause the cells to round up but remain attached to the plate did not increase the number of molecules of concanavalin A bound to the cells . This suggests that the simple rounding up of the 3T3 cells at mitosis is not responsible for the enhanced lectin binding.
Methods of Synchronization
Two different methods of synchronization were used throughout these experiments (1) .
In the first method, 3T3 cells were grown to the monolayer stage in Dulbecco modified Eagle's medium supplemented with 10%r, calf serum and 1'/' (, penicillin-streptomycin . The cells were left at the monolayer stage for 3 days before being replated to a fivefold lower cell density in Dulbecco modified Eagle's medium plus 10% calf serum and antibiotics .
In the second method, 3T3 cells were again grown to the monolayer stage and left for 3 days . At this 492 BRIEF NOTES
The method for determining the S phase of the cell cycle has been previously described (15) .
Simian Virus 40 (SV40) Infection
The method used for SV40 infection of the 3T3 cells is described elsewhere (12) .
Inhibitors
In order to inhibit protein synthesis, cells were incubated with 2 X 10 -5 M cycloheximide or Dulbecco modified Eagle's medium minus histidine (13) . The "histidine minus" medium has the advantage of inhibiting 80%0 of protein synthesis within 15 min after its addition to the culture and being 95% reversible within 15 min after the readdition of whole Dulbecco modified Eagle's medium plus 10% calf serum. Inhibition of protein synthesis was determined as the incorporation of [ 14 C]leucine into TCA-insoluble material . Histidine-minus medium had no effect on RNA synthesis or transport of nonmetabolizable amino acids (15) . The calf serum used in the histidine minus medium was exhaustively dialyzed against double-distilled water before use .
3T3 cells were blocked at metaphase in mitosis by incubation with 0 .2 mM colchicine . 
Correlation of Surface and Nuclear Events
One of the interesting questions to be approached with the binding assay is whether surface events may occur irrespective of nuclear events, i .e ., whether blocking mitosis at metaphase with colchicine prevents the increase in [ 3H]concanavalin A binding or blocks the cell surface in a conformation in which [ 3H]concanavalin A binding remains high rather than decreasing, as it would if the cells could enter G1 . Fig . 2 demonstrates that even if metaphase figures are accumulated due to the incubation of the cells with 0 .2 mM colchicine, the surface enters its G1 phase while the nucleus remains in mitosis . Return of the interphase surface configuration is not even delayed. This suggests that under certain circumstances surface events may be dissociated from nuclear events.
Requirement for Protein Synthesis
In a similar experiment an attempt was made to determine the protein synthesis requirement for the increased concanavalin A binding during mitosis . In these experiments 0 .02 mM cycloheximide was added 27 h after replating (see Fig . 1 ) and washed out 32 h after replating . We have observed that both the pattern of [ 3H]concanavalin A binding and the mitotic index were superimposable on the data presented in Fig . 1 , suggesting that protein synthesis is not required during mitosis for the surface change detected as increased concanavalin A binding . The concentration of cycloheximide used will inhibit approximately 95% of the cellular protein synthesis within 30 min after addition .
Incubation of a randomly growing population of 3T3 cells with 0 .02 mM cycloheximide for 6 h did not result in increased concanavalin A binding . Fig . 3 is an attempt to determine when, during S, protein synthesis is necessary for the observed increase in concanavalin A binding at mitosis . We have earlier suggested that after viral infection the order of DNA synthesis, and in turn the order of synthesis of certain proteins may be different from that observed in normal, uninfected cells (14) . Specifically we had envisioned an inversion of the sequence of replication of certain parts of the chromosomal material . An attempt to test this hypothesis was performed in the form of the same experiment as described in the legend of Fig . 3 A but using 3T3 cells infected with SV40 . It should be noted (Fig . 3 B) that although DNA synthesis occurs later in the virally infected cells than in the replated normal cells, the curves describing DNA synthesis can be superimposed . Fig . 3 B demonstrates that the protein synthesis necessary for increased concanavalin A binding at mitosis is made in early S in the virally infected cells rather than in late S as in normal cells . Fig . 3 B suggests that this protein is made from the start of S and throughout a large part of S but not in late S, G :,,, or mitosis .
Protein Synthesis during S
It should be noted that incubation of a randomly growing population of 3T3 cells with histidine-minus medium for 1 h does not effect This work also demonstrates that the increased surface alteration during mitosis measured as increased concanavalin A binding is not dependent on protein synthesis during mitosis but rather on the synthesis of proteins during the late S phase of the normal cell . Whether this protein synthesis in late S is primarily responsible for increased agglutinin binding or for the nuclear events Completion of the nuclear events in mitosis is apparently not a prerequisite for completion of the surface events in mitosis . In those experiments in which colchicine was used to arrest the cells in metaphase the nuclear events had progressed part of the way through mitosis before being arrested, and therefore we cannot conclude that surface events are independent of nuclear events since prophase may be necessary for the initiation of the observed surface events . The fact that the surface change does continue in the presence of colchicine may explain Stadler and Adelberg's results with cell fusion during mitosis which demonstrate that although cells blocked at metaphase have a higher frequency of Sendai virus-induced fusion, cells which have been kept in colchicine demonstrate a decreasing frequency of fusion with time until they reach a frequency equal to a population of G1 cells (16) .
Using the [3 H]concanavalin A binding assay we have added some support to a hypothetical model of cellular transformation recently proposed by two of the authors (14) . It was suggested that there is a feedback between the surface membrane conformation and control of DNA synthesis . Among the points raised in the model was the suggestion that after viral infection the order of DNA synthesis and in turn the order of synthesis of certain proteins would differ from that of normal, uninfected cells . Such a derangement of protein synthesis might result in the maintenance of the "transformed surface architecture" and a loss of contact inhibition . We have demonstrated that after viral infection there appears to be a rearrangement in the order in which particular segments of the host genome are transcribed . In this particular study it appears that in SV40-infected 3T3 cells the part of the genome which codes for the surface change detected as increased lectin binding is read and translated in early S rather than in late S as in uninfected cells . It has previously been demonstrated that, after infection, satellite DNA synthesis in baby mouse kidney cells is shifted with regard to the time of synthesis in normal, uninfected cells (17) .
Thus we have demonstrated a threefold increase in concanavalin A binding to 3T3 cells in mitosis . This increase is at least partially independent of
